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(54) Eyeglass^lene proceaaing apparatus 

(57^ An eyeglass-lens processing apparatus for 
processing a subject lens (LE) to be fitted to an eyeglass 
frame, includes: a lens chuck shaft (702) (or clamping 
the lens; a rotating mechanism for rotating the lens 
chuck shaft; a first moving mechanism for moving the 
lens chuck shaft in a direction of a rotational axis thereof; 
a second moving mechanism for moving the lens chuck 
shaft (702) in a direction substantially perpendicular to 
the rotational axis; a first feeler (51 5) having a first con- 
tact point to be contacted with a front side refracting sur- 
face of the lens; a second feeler (517) having a second 



contact point to be contacted with a rear side refracting 
surface of the lens; a support member for supporting the 
first (515) and second (517) feelers integrally or sepa- 
rately; and a control mechanism for controlling each of 
the rotating mechanism, the first moving mechanism 
and the second moving mechanism based on process- 
ing shape data so as to consecutivety perform rotatton 
and movement of the lens in a state where the first con- 
tact point is contacted therewith, and rotatton and move- 
ment of the lens in a state where the second contact 
point is contacted therewith. 
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De crtptlon 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an eyeglass- s 
lens processing apparatus for grinding and processing 
a subject eyeglass lens to be fitted to an eyeglass frame. 
[0002] In an eyeglass>lens processing apparatus for 
processing a subject lens to be fitted to an eyeglasses 
frame, the lens is subjected to rough grinding, and there- io 
after its edge surface is subjected to beveling. To pro- 
vide appropriate beveling to the edge surface, it is nec- 
essary to ascertain the shapes of front-side and rear- 
side refracting surfaces of the lens in terms of the radius 
vector of the shape of the eyeglasses frame prior to is 
processing. For this reason, the apparatus is provided 
with a measuring mechanism for measuring the lens 
shape, and various apparatuses including, for example. 
U.S. Pat. No. 4,5g6,091 have been proposed. 
[0003] In addition, this type of apparatus is equipped so 
with various processing mechanisms in which the lens 
is chucked by two lens rotating shafts, and processing 
is effected by bringing the lens chucked by the lens ro> 
tating shafts into pressure contact with abrasive wheels 
for processing. ^5 
[0004] In designing various mechanism portions pro- 
VKled in the processing apparatus as described above, 
it Is necessary to accommodate the various mechanism 
portk>ns in the limited space and prevent an increase in 
cost. Hence, it is necessary to simplify the varbus mech- 30 
anism portions and their control, and those which can 
be made common need to be made common as much 
as possible. 

SUMIVIARY OF THE INVENTION 35 

[0005] An object of the invention is to provide an eye- 
glass-lens processing apparatus in which the arrange- 
ment for measuring the lens shape is simplified, and 
which uses a greater number of mechanism portions 40 
whk:h are used in common, so as to be advantageous 
in cost 

[0O06] The present invention provides the folk>wings: 

(1) An eyeglass-lens processing apparatus for 4S 
processing a subject lens to be fitted to an eyeglass 
frame, the apparatus comprising: 

a lens chuck shaft for clamping the lens; 
. rotating means for rotating the lens chuck shaft; so 
first moving means for moving the lens chuck 
shaft in a direction of a rotational axis thereof; 
second moving means for moving the lens 
chuck shaft in a direction substantially perpen- 
dicular to the rotational axis; ss 
a first feeler having a first contact point to be 
contacted with a front side refracting surface of 
th lens; 



a second feeler having a second contact point 
to be contacted with a rear side refracting sur- 
face of the lens; 

a support member for supporting the first and 
second feelers integrally or separately; and 
control means for controlling each of the rotat- 
ing means, the first moving means and the sec- 
ond moving means based on processing shape 
data so as to consecutively periorm rotation 
and oKSvement of the. lens in a state where the 
first contact point is contacted therewith, and 
rotation and movement of the lens in a state 
where the second contact point is contacted 
therewith. 

(2) The apparatus according to (1 ), wherein the sup- 
pon member supports the first and second feelers 
such that the first and second contact points are 
confronted with each other with a predetermined 
distance. 

(3) The apparatus according to (1 ). wherein the sup- 
port member supports the first and second feelers 
such that a line connecting the first and second con- 
tact points is substantially in parallel to the rotational 
axis. 

(4) The apparatus according to (1 ), wherein the sup- 
port member includes a first arm supporting the first 
feeler, a second arm supporting the second feeler, 
and a support shaft supporting the first and second 
arms integrally. 

(5) The apparatus according to (1 ). further compris- 
ing: 

first movement detecting means for detecting 
an amount of movement of the support member 
in the direction of the rotational axis; and 
edge position detecting means for obtaining 
front side edge position path of the lens based 
on result of detection by the first movement de- 
tecting means in the state where the first con- 
tact point is contacted with the lens, and rear 
side edge position path of the lens based on 
result of detection by the first movement 
amount detecting means in the state where the 
second contact point is contacted with the lens. 

(6) The apparatus according to (1 ). further compris- 
ing: 

third moving means for moving the support 
member in the direction substantially perpendicular 
to the rotational axis so as to change a distance be- 
tween a line connecting the first and second contact 
points and the rotational axis. 

(7) The apparatus according to (1), wherein at least 
one of the first and second feelers has a third con- 
tact point to be contacted with an edge suriace of 
the lens, and control means controls each of the ro- 
tating means, the first moving means and the sec- 
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ration of an eyeglass-lens processing apparatus In 
accordance with the invention; 
Fig. 2 is a perspective view illustrating the arrange- 
ment of a tens processing section disposed in a cas- 
ing of a main body of the apparatus; 
Fig. 3 is a plan view of a frame holding section of 
an eyeglass-frame-shape measuring device; 
Fig. 4 is a cross-sectional view taken along line A - 
A in Fig. 3 and illustrating an essential portion; 
10 Fig. 5 is a plan view of a measuring section of the 
eyeglass-frame-shape measuring device; 
Fig. 6 is a side elevational view for explaining a feel- 
er unit; 

Fig. 7 is a view taken in the direction of arrow C In 
Fig. 6; 

Fig. 8 is a perspective view of a template hokier in 
a state in which a template holding portion for 
mounting a template thereon is oriented upward; 
Fig. 9 is a perspective view of the template hokjer 
20 in a state in which a cup homing portion for mounting 
a dummy lens thereon is oriented upward; 
Fig. 10 is a tongitudinal cross-sectional view of the 
template hokier. 

Fig. 11 is a schematic diagram of an essential por- 
2S tion of a carriage section; 

Fig. 1 2 is a view, taken from the directbn of arrow 
E in Fig. 2. of the carriage section; 
Fig. 1 3 is a top view of a lens-shape measuring sec- 
tion; 

30 Fig. 14 is a left side elevational view of Fig. 1 3; 

Fig. 15 Is a view illustrating an essential portk)n of 
the right skJe surface shown in Fig. 1 3; 
Fig. 16 is a cross-sectional view taken along line F 
- F in Fig. 13; 

Fig. 17 is a diagram explaining the state of left-and; 
right movement of the lens^hape measuring sec- 
tion;.and 

Fig. 1 8 is a block diagram of a control system of the 
apparatus. 



ond moving means based on the processing shape 
data so as to rotate and move th lens in a state 
where the third contact point is contacted with the 
lens. 

(6) The apparatus according to (7), further compris- ^ 
ing: 

second movement detecting means for detect- 
ing movement of the support member in the di- 
rection perpendicular to the rotational axis; and 
outer diameter detecting means for detecting a 
lens outer diameter based on a result of detec- 
tk>n by the second movement amount detecting 
means in the state where the third contact point 
is contacted with the lens. 

(9) The apparatus according to (1 ). wherein each of 
the first and second feelers is in the form a circular 
column having a central axis substantially parallel 
to the rotational axis and defining an inclined sur- 
face inclined at a predetermined angle with respect 
to the central axis, and the first and second contact 
points are respectively located on peripheries of the 
inclined surfaces. 

(10) The ajpparatus according to (1), further com- 
prising: 

an abrasive wheel rotatable about an axis that 
is substantially parallel to the rotational axis, 
wherein the control means controls the second 
movffig means based on the processing shape 
data to vary an axis-to-axis distance between 
the rotational axis and the axis about which the 
abrasive wheel is rotatable. thereby processing 
the lens. 3S 

(11) The apparatus according to (1). further com- 
prising: 

first input means for inputting data on shape of ^ 
the eyeglass frame; 

second input means for inputting data on layout 
of the lens with respect to the eyeglass frame; 
calculating means for obtaining the processing 
shape data based on inputted data on the ^ 
shape of the eyeglass frame and the layout of 
the lens. 

[0007] The present disclosure relates to the subject 
matter contained in Japanese patent applicatbn No. so 
Hei. 11-125397 (filed on April 30, 1999). which is ex- 
pressly incorporated herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0008] 

Fig. 1 is a diagram illustrating the external configu- 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0009] Hereafter, a description will be given of an em- 
bodiment of the invention. 

(1) Overall Construction 

[0010] Fig. 1 is a diagram illustrating the external con- 
figuration of an eyeglass-tens processing apparatus in 
accordance with the invention. An eyegtass-frame- 
shape measuring device 2 is incorporated in an upper 
right-hand rear portion of a main body 1 of the appara- 
tus. The frame-shape measuring device 2 is disposed 
in such a manner as to be inclined toward a front side 
along the inclination of the upper suriace of the casing 
of the main body 1 so as to facilitate the setting of an 
eyeglass frame on a frame holding section 200 which 
will be described later. A switch panel section 410 hav- 
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ing switches for operating the f rame-shape measuring 
device 2 and a display 41 5 for displaying processing In- 
f rmatton and the like are disposed in front of the f ram - 
shape measuring device 2. Further, reference numeral 
420 denotes a switch panel section having various 
switches for inputting processing conditions and the like 
and for giving instructions for processing, and numeral 
402 denotes an openable window for a processing 
chamber. 

[0011] Fig. 2 is a perspective view illustrating the ar- 
rangement of a lens processing section disposed in the 
casing of the main body 1 . A carriage unit 700 is mount- 
ed on a base 10, and a subject lens LE clamped by a 
pair of lens chuck shafts of a carriage 701 is ground by 
a group of abrasive wheels 602 attached to a rotating 
shaft 601 . The group of abrasive wheels 602 Include a 
rough abrasive wheel 602a for glass lenses, a rough 
abrasive wheel 602b for plastic lenses, and a finishing 
abrasive wheel 602c for beveling processing and flat 
processing. The rotating shaft 601 is rotatably attached 
to the base 1 0 by a spindle 603. A pulley 604 is attached 
to an end of the rotating shaft 601 . and is linked through 
a belt 605 to a pulley 607 which Is attached to a rotating 
shaft of an abrasive-wheel rotating motor 606. 
[001 2] A lens-shape measuring section 500 is provid- 
ed in the rear of the carriage 701 . 

(2) Constructfon of Various Sections 

(A) Eyeglass-Frame-Shape Measuring Device 

[001 3] A description will be given of the major conf ig- 
uratk)n of the frame-shape measuring device 2 by divid- 
ing it into the frame holding section, a measuring sec- 
tion, and a template holder. 

<Frame Holding Section> 

[0014] Referring to Figs. 3 and 4, a description will be 
given of the construction of the frame holding section 
200. Fig. 3 is a plan view of the frame holding section 
200. and Fig. 4 is a cross-sectional view taken along line 
A - A in Fig. 3 and illustrating an essential portion. 
[0015] A front slider 202 and a rear slider 203 for hold- 
ing an eyeglass frame F are slidably placed on a pair of 
guide rails 204 and 205 arranged on the right- and left- 
hand sides of a holding section base 201. Pulleys 207 
and 208 are rotatably attached respectively to a front- 
side bk)ck 206a and a rear-side bk>ck 206b that support 
the guide rail 204. An endless wire 209 is suspended on 
the pulleys 207 and 208. An upper side of the wire 209 
is secured to a pin 210 attached to a right end member 
203R extending froni the rear slider 203, while a lower 
side of the wire 209 is secured to a pin 211 attached to 
a right end member 202R extending from the front slider 
202. Further, a spring 21 3 is stretched between the rear- 
side block 206b and the right end member 202R using 
a mounting plate 212, so that the front slider 202 is con- 



stantly urged In the directk>n in which the spring 21 3 con- 
tracts. Owing to this arrangement, the front slider 202 
and the rear slider 203 are slid in. a symmetrically op- 
posing manner with respect to a reference line LI at the 
5 center therebtween. and are constantly pulled in direc- 
tions toward that center (reference line LI ) by the spring 
21 3. Accordingly, if one of the front slider 202 and the 
rear slider 203 is slid in the opening direction, a distance 
therebetween for holding the frame F can be secured, 
and if the front slider 202 and the rear slider 203 are in 
a free state, the distance therebetween is reduced by 
the urging force of the spring 213. 
[0016] The frame F is clamped by clamp pins ar- 
ranged at four kx^ations. i.e. right and left sides of the 
front slider 202 and right and left sides of the rear slider 
203, so as to be held in a reference plane for measure- 
ment. Namely, arranged on the front slider 202 are 
clamp pins 230Ra and 230Rb for clamping a right frame 
rim of the frame F vertically as well as clamp pins 230La 
and 230Lb for clamping a left frame rim of the frame F 
vertically, and these clamp pins are held inside the front 
slider 202 so as to be opened and closed symmetrically 
about the measurement reference plane, respectively. 
Similarly, arranged on the rear slider 203 are clamp pins 
231 Ra and 231 Rb for clamping the right frame rim of 
the frame F vertically as well as clamp pins 231 La and 
231 Lb for clamping the left frame rim of the frame F ver- 
tically, and these clamp pins are held inside the rear slid- 
er 203 so as to be opened and closed symmetrically 
about the measurement reference plane, respectively. 
[0017] The opening and closing of these clamp pins 
are effected by driving a clamp motor 223 which is fixed 
on the reverse side of the holding section base 201 . A 
worm gear 224 attached to a rotating shaft of the motor 
223 is in mesh with a wheel gear 221 of a shaft 220 
which is rotatably held between the block 206a and the 
block 206b, so that the rotation of the nrwtor 223 is trans- 
mitted to the shaft 220. The shaft 220 is passed through 
the right end member 202R and the right end member 
203R. Inskje the right end member 202R, an unillustrat- 
ed wire for opening and closing the clamp pins 230Ra, 
230Rb. 230La. and 230Lb Is attached to the shaft 220, 
and as the wire is pulled by the rotation of the shaft 220. 
the opening and closing operation of the clamp pins 
230Ra. 230Rb. 230La, and 230Lb are effected simul- 
taneusly. Inside the right end member 203R as well, an 
unillustrated similar wire is also attached to the shaft 
220, and the opening and closing operatk)n of the clamp 
pins 231 Ra, 231 Rb. 231 La. and 231 Lb are effected si- 
multaneously by the rotation of the shaft 220. Further, 
brake pads for securing the opening and cbsing of the 
front slider 202 and the rear slider 203 due to the rotation 
of the shaft 220 are respectively provided inside the right 
end member 202R and the right end member 203R. As 
the arrangement of the mechanism for opening and 
closing the clamp pins, it is possible to use the arrange- 
ment disclosed in U.S. Pal. No. 5.228.242 commonly 
assigned to the present assignee, so that reference is 
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hadt made thereto for details. 
[0018] Further, an attaching plate 300 for attaching a 
template h ider 31 0 (see Fig. 8). which Is used at the 
time of measuring a template or a dummy lens, is fixed 
at the center on the front side of the holding section base 
201 . As shown in Fig. 4, the attaching plate 300 has an 
inverse L-shaped cross section, and the template holder 
310 is used upon being placed on the upper surface of 
the attaching plate 300. A magnet 301 is provided in the 
center of the upper surface of the attaching plate 300. 
and two holes 302 for positioning the template holder 
310 are formed in the attaching plate 300 on the .left- 
and right-hand sides of the magnet 301. 
[0018] At the time of measurement using the template 
holder 310. the template holder 310 is used after the 
front slider 202 and the rear slider 203 are opened. A 
sensor 235 for detecting that the front slider 202 has 
been opened to a measurable state is attached to an 
upper surface on the left side of the holding section base 
201 , while a sensor plate 236 is fixed.to a left-side end 
portion of the front slider 202. A. measuring section 240 
Is disposed on the lower side of the holding section base 
201. 

<Measuring Section> 

[0020] Referring to Figs. 5 to 7, a description will be 
given of the construction of the measuring section 240. 
Fig. 5 Is a plan view of the measuring section 240. In 
Fig. 5, a transversely movable base 241 Is supported in 
such a manner as to be transversely slidable along two 
rails 242 and 243 which are axially supported by the 
holding section base 201 and extend in the transverse 
direction. The transverse movement of the transversely 
movable base 241 is effected by the driving of a motor 
244 attached to the holding section base 201. A ball 
screw 245 is connected to a rotating shaft of the motor 
244. and as the ball screw 245 meshes with an internally 
threaded member 248 fixed on the lower side of the 
transversely movable base 241 . the transversely mov- 
able base 241 is moved in the transverse direction by 
the forward and reverse rotation of the motor 244. 
[0021] A rotating base 250 is rotatably held on the 
transversely movable base 241 by rollers 251 provided 
at three positions. As shown in Fig. 6, a geared portion 
250a is formed around a circumference of the rotating 
base 250. and an angular or tapered guide rail 250b pro- 
jecting in a radially outward direction is formed below 
the geared portion 250a. This guide rail 250b is brought 
into contact with a V-shaped groove of each roller 251 . 
and the rotating base 250 rotates while being held by 
the three rollers 251. The geared portion 250a of the 
rotating base 250 meshes with an idle gear 252, and the 
idle gear 252 meshes with a gear 253 attached to a ro- 
tating shaft of a pulse motor 254 secured to the lower 
side f the transversely movable base 241 . As a result, 
the rotation of the motor 254 is transmitted to the rotating 
base 250. A feeler unit 255 is attached to the underside 



of the rotating base 250. 

[0022] Referring to Figs. 6 and 7. a description will b 
given of the construction of the feeler unit 255. Fig. 6 is 
a side elevational view for explaining the feeler unit 255. 
5 , and Fig. 7 is a view taken in the direction of arrow C in 
Fig. 6, 

[0023] A fixed block 256 is fixed to the underside of 
the rotating base 250. A guide rail receiver 256a is at- 
tached to a side surface of the Fixed block 256 in such 

10 a manner as to extend in the planar direction of the ro- 
tating base 250. A movable base 260 having a slkje rail 
261. is slidably attached to the guide rail receiver 256a. 
A DC .motor 257 for moving the movable base 260 and 
an encoder 258 for detecting the amount of Its move- 

IS ment are attached to a skJe of the fixed block 256 which 
is opposite to its side where the guide rail receiver 256a 
is attached. A gear 257a attached to a rotating shaft of 
the nr>otor 257 meshes with a rack 262 fixed to a tower 
portion of the movable base 260. and the movable base 

20 260 is moved in the left-and-right directton in Fig. 6 by 
the rotation of the motor 257. Further, the rotation of the 
gear 257a attached to the rotating shaft of the motor 257 
is transmitted to the encoder 258 through an idle gear 
259, and the amount of movement of the nrtovable base 

2S 260 is detected from this amount of rotation. 

[0024] A vertically supporting base 265 is vertically 
nnovably supported by the movable base 260. As for its 
moving mechanism, in the same way as the movable 
base 260. a slkJe rail (not shown) attached to the verti- 
go cally supporting base 265 is slidably heki on a guide rail 
receiver 266 attached to the movable base 260 and ex- 
tending in the vertical direction. A vertically extending 
rack 268 is secured to the vertically supporting base 
265, a gear 270a of a DC motor 270 attached to the mov- 

^ able base 260 by means of a fixing metal plate meshes 
with the rack 266, and as the motor 270 rotates, the ver- 
tically supporting base 265 is moved vert»ally. Further, 
the rotation of the motor 270 is transmitted through an 
kite gear 271 to an encoder 272 attached to the movable 

40 base 260 by means of a fixing metal plate, and the en- 
coder 272 detects the anriount of movement of the ver- 
tically supporting base 265. Incidentally, a downward 
load of the vertk:ally supporting base 265 is reduced by 
a power spring 275 attached to the movable base 260. 

45 thereby rendering the vertical nriovement of the vertically 
supporting base 265 smooth. 

[0025] Further, a shaft 276 is rotatably heM on the ver- 
tically supporting base 265. an L-shaped attaching 
member 277 is provided at its upper end. and a feeler 
so 260 is fixed to an upper portion of the attaching member 
277. The tip of the feeler 280 is aligned with a rotational 
axis of the shaft 276. and the tip of the feeler 280 is to 
be brought into contact with a frame groove of the frame 
F. 

ss [0026] A limiting member 281 is attached to a lower 
end of the shaft 276. This limiting member 281 has a 
substantially hollow cylindrical shape, and a protrusion 
281a is formed on its skle surface iaiong the vertical di- 



5 



9 



EP 1 050 372 A1 



10 



rection, while another protrusion 281a is formed on the' 
opposite side opposite with respect to the paper surface 
of Fig. 6. As these two protrusions 281a respectively 
abut against notched surfaces 265a (the illustrated 
notched surface 265a. and a similar notched surface 
265a that is provided on the opposite side with respect 
to the paper surface of Fig. 6) formed in the vertically 
supporting base 265, the rotation of the shaft 276 (i.e.. 
the rotation of the feeler 280) is limited to a certain 
range. An obliquely cut slanting surface is formed on a 
lower portion of the limiting member 281 . When the lim- 
iting member 281 is lowered together with the shaft 276 
due to the downward movement of the vertically sup- 
porting base 265, this slanting surface abuts against a 
slanting surface of a block 263 secured to the movable 
base 260. As a result, the rotation of the limiting member 
281 is guided to the state shown In Fig. 6. thereby cor- . 
recting the orientation of the tip of the feeler 280. 
[0027] In Fig. 6, a measuring shaft 290 for template 
measurement is vertically slidably held on a right-hand 
side portion of the movable base 260. A pin 291 extend- 
ing toward the paper surface as viewed in Fig. 6 is at- 
tached to a lower end of the measuring shaft 290, and 
a spring 292 is stretched between this pin 291 and an 
upper portion of the movable base 260, thereby con- 
stantly urging the measuring shaft 290 in the upward di- 
rection. The pin 291 is provided with a lock mechanism 
293. The kx:k mechanism 293 has a fixing plate 295 
which rotates about a shaft 294 as well as a coil spring 
296 which urges the fixing plate 295 in the rightward di- 
rectnn in Fig. 6. If the measuring shaft 290 is pushed 
into the interior of the movable base 260 against the urg- 
ing force of the spring 292, the pin 291 rotates the fixing 
plate 295 in the leftward direction in Fig. 6 while abutting 
against the fixing plate 295. Further, if the measuring 
shaft 290 is pushed in. the pin 291 is located below the 
fixing plate 295, and the fixing plate 295 is returned to 
the right side by the urging force of the coil spring 296. 
As a result, the pin 291 enters bebw a notched portion 
of the fixing plate 295, and the measuring shaft 290 is 
locked in a state of being accommodated InskJe the 
movable base 260. At the ttriie of extracting the meas- 
uring shaft 290. the pushing in of the top portion of the 
measuring shaft 290 causes the pin 291 to be disen- 
gaged from the notched portion while being guided by 
a guide plate 295a formed on the fixing plate 295. and 
the measuring shaft 290 is raised to an upper predeter- 
mined position by the urging force of the spring 292. 

<Template Holder> 

[0028] Referring to Figs. 6 to 10. a description will be 
given of the construction of the template holder 31 0. Fig. 
8 is a perspective view of the template holder 310 in a 
state in which a template holding portion 320 for mount- 
ing a template 350 thereon is oriented upward. Fig. 9 is 
a perspectiv view of the template holder 310 in a state 
in which a cup holding portion 330 for mounting a dum- 



my lens thereon Is oriented upward. Fig. 10 is a longi- 
tudinal cross-sectional view of the template holder 310. 
[0029] The templat holding portion 320 and the cup 
hokling portion 330 are provided integrally on opposite 
s surtaces, respectively, of a main body block 311 of the 
template holder 31 0 so that the template holding portion 
320 and the cup homing portion 330 can be selectively 
used by inverting the template hokfer 310. Pins 321a 
and 321 b are implanted on the template holding portion 
10 320, an opening 322 is provided in the center, and a 
movable pin 323 projects from the opening 322. As 
shown in Fig. 10. the movable pin 323 is fixed to a mov- 
able shaft 312 inserted in the main body block 311 , and 
the OKsvable shaft 312 is constantly urged in the direc- 
is tion of arrow D in Fig. 1 0 by a spring 31 3. A button 31 4 
for performing a pushing operating is attached to a distal 
end of the movable shaft 312 projecting from the main 
body block 311. Further, a recessed portion 324 is 
formed on the front side (right-hand side in Fig. 10) of 
the movable pin 323. 

[0030] A hole 331 for inserting a basal part 361 of a 
cup 360 with a dummy lens fixed thereon is formed in 
the cup holding portion 330, and a projection 332 for fit- 
ting to a key groove 362 formed in the basal part 361 is 
formed inside the hole 331. Further, a sIkJing member 
327 Is fixed to the movable shaft 31 2 inserted in the main 
body bkx:k 31 1 , and its front-side end face 327a is cir- 
cutar-arc shaped (a circular arc of the same diameter as 
that of the hole 331). 

[0031] At the time of fixing the template 350. after the 
button 314 is manually pushed in, the template 350 Is 
positioned such that a central hole 351 is fitted over the 
movable pin 323 while two small holes 352 provided on 
both sides of the central hole 351 are engaged with the 
pins 321a and 321b. Subsequently, if the button 314 
pushed in toward the main body block 311 side is re- 
leased, the movable pin 323 is returned in the direction 
of arrow D by the urging force of the spring 31 3. and its 
recessed portion 324 abuts against the wall of the cen- 
tral hole. 351 in the template 350, thereby fixing the tem- 
plate 350. 

[0032] At the time of fixing the cup 360 attached to the 
dummy lens, in the same way as with the template, after 
the button 314 is manually pushed In to open the sliding 
member 327, the basal part 361 of the cup 360 is insert- 
ed into the hole 331 such that the key groove 362 of the 
basal part 361 is fitted to the projectbn 332. Upon re- 
leasing the button 314, the sliding member 327 together 
with the movable shaft 31 2 Is returned toward the hole 
331 by the urging force of the spring 313. As the basal 
part 361 of the cup 360 inserted in the hole 331 is 
pressed by the circular-arc shaped end face 327a. the 
cup 360 is fixed in the cup holding portion 330. 
[0033] A fitting portion 340 for fitting the template 
hokJer 310 to the attaching plate 300 of the hoteiing sec- 
tion base 201 Is provided on the rear side of the main 
body block 31 1 , and Its obvers side (the template hold- 
ing portion 320 side Is assumed to be the obverse side) 
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has the same configuration as the reverse side. Pins 
342a. 342b and 346a. 346b for insertion into th two 
holes 302 formed in the upp r surface of the attaching 
plate 300 are respectively implanted on the obverse sur- 
face 341 and the reverse surface 345 of the fitting por- 
tion 340. Further. Iron plates 343 and 347 are respec- 
tively embedded in the obverse surface 341 and the re- 
verse surface 345. Flanges 344 and 348 are respective- 
ly formed on the obverse surface 341 and the reverse 
surface 345 of the fitting portion 340. 
[0034] Al the time of attaching the template holder 31 0 
to the frame-shape measuring device 2, after the front 
slider 202 is opened toward the front side (the rear slider 
203 is also opened simultaneously), in the case of 
measuring the dummy tens, the template holding portion 
320 side is oriented downward, and the pins 342a and 
342b on the fitting portion 340 are engaged in the holes 
302 in the attaching plate 300. At this time, since the 
iron plate 343 is attracted by the nnagnet 301 provided 
on the upper surface of the attaching plate 300, the tem- 
plate holder 31 0 can be easily fixed immovaty to the up- 
per surface of the attaching plate 300. Further, the 
flange 344 of the template holder 310 abuts against a 
recessed surface 202a formed.in the center of the front 
slider 202 to maintain the open state of the front slider 
202 and the rear slider 203. 

(B) Carriage Section 

[0035] Referririg to Figs. 2. 11, and 12. a description 
will be given of the construction of the carriage section 
700. Fig. 1 1 is a schematic diagram of essential portions 
of the carriage section 700, and Fig. 12 is a view, fallen 
from the direction of arrow E in Fig. 2. of the carriage 
section 700. 

[0036] The carriage 701 is capable of rotating the lens 
LE while chucking it with two lens chuck shafts (lens ro- 
tating shafts) 702L and 702R, and is rotatably slidable 
with respect to a carriage shaft 703 that is fixed to the 
base 10 and that extends in parallel to the abrasive- 
wheel rotating shaft 601 . Hereafter, a descriptiori will be 
given of a lens chuck mechanism and a lens rotating 
mechanism as well as an X-axis moving mechanism 
and a Y-axis moving mechanism of the carriage 701 by 
assuming that the direction In which the carriage 701 is 
moved in parallel to the abrasive-wheel rotating shaft 
601 Is the X axis, and the direction for changing the axis- 
to-axis distance between the chuck shafts (702L, 702R) 
and the abrasive-wheel rotating shaft 601 by the rotation 
of the carriage 701 is the Y axis. 

<Lens Chuck Mechanism and Lens Ftotating 
Mechani8m> 

[0037] The chuck shaft 702L and the chuck shaft 
702 R are rotatably held coaxially by a left arm 701 L and 
a right arm 701 R, respectively, of the carriage 701. A 
chucking motor 710 is fixed to the center of the upper 



surface of the right arm 701 R. and th rotation of a pulley 
71 1 attached to a rotating shaft of the motor 710 rotat s 
a feed screw 71 3, which is rotatably held inside the right 
arm 701R, by means of a belt 712. A feed nut 714 is 
5 moved in the axial direction by the rotation of the feed 
screw 71 3. As a result, the chuck shaft 702R connected 
to the feed nut 714 can be moved in the axial direction, 
so that the lend LE is clamped by the chuck shafts 702L 
and 702R. 

10 [0038] A rotatable block 720 for attaching a motor, 
which is rotatable about the axis of the chuck shaft 702L. 
is attached to a left-side end portion of the left arm 701 L, 
and the chuck shaft 702L Is passed through the bkxk 
720, a gear 721 being secured to the left end of the 
IS chuck shaft 702L. A motor 722 for lens rotation is fixed 
to the block 720, and as the nrK)tor 722 rotates the gear 
721 through a gear 724, the rotation of the motor 720 is 
transmitted to the chuck shaft 702L. A pulley 726 is at- 
tached to the chuck shaft 702L inside the left arm 701 L. 
The pulley 726 is linked by means of a timing belt 731a 
to a pulley 703a secured to a left end of a rotating shaft 
728, which is held rotatably in the rear of the carriage 
701 . Further, a pulley 703b secured to a right end of the 
rotating shaft 728 is linked by means of a timing belt 
731 b to a pulley 733 which is attached to the chuck shaft 
702R in such a manner as to be slidable in the axial di- 
rectk>n of the chuck shaft 702R inside the right arm 701 R 
of the carriage. By virtue of this arrangement, the chuck 
shaft 702L and the chuck shaft 702R are rotated syn- 
chronously. 

<X-axis Moving Mechanism and Y-axis Moving 
Mechanism of Carriage> 

[0039] The carriage shaft 703 is provided with a mov- 
able arm 740 which is slidable in its axial direction so 
that the arm 740 is movable in the X-axis direction (in 
the axial directbn of the shaft 703) together with the car- 
riage 701. Further, the arm 740 at its front positkm is 
slidable on and along a guide shaft 741 that is secured 
to the base 10 in a parallel positk>nal relation to the shaft 
703. A rack 743 extending in parallel to the shaft 703 is 
attached to a rear portion of the arm 740, and this rack 
743 meshes with a pinion 746 attached to a rotating 
shaft of a motor 745 for moving the carriage in the X- 
axis direction, the motor 745 being secured to the base 
10. By virtue of the above-described arrangement, the 
motor 745 is able to move the carriage 701 together with 
the arm 740 in the axial directk>n of the shaft 703 (in the 
X-axis directbn). 

[0040] As shown in Fig. 11 (b), a swingable block 750 
is attached to the arm 740 in such a manner as to be 
rotatable about the axis La which is in alignment with 
the rotational center of the abrasive wheels 602. The 
distance from the center of the shaft 703 to the axis La 
and the distance from the center of the shaft 703 to the 
rotational center of the chuck shaft (702L, 702R) ar set 
to be identical. A Y-axis moving motor 751 is attached 
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to the swingable block 750, and the rotation of the motor 
751 is transmitted by means of a pulley 752 and a belt 
753 tea female screw 755 held rotatably in the swing- 
able block 750 as shown In Fig. 1 2. A feed screw 756 is 
Inserted in a threaded portbn of the female screw 755 
in mesh therewith, and the feed screw 756 is moved ver- 
tically by the rotation of the female screw 755. 
[0041] A guide block 760 which abuts against a lower 
end surface of the motor-attaching block 720 is fixed to 
an upper end of the feed screw 756, and the guide block 
760 moves akMig two guide shafts 758a and 758b inn- 
planted on the swingable block 750. Accordingly, as the 
guide bkxk 760 is vertically moved together with the 
feed screw 756 by the rotation of the motor 751, it is 
possible to change the vertical position of the block 720 
abutting against the guide block 760. As a result, the 
vertk:al position of the carriage 701 attached to the block 
720 can be also changed (namely, the carriage 701 ro- 
tates about the shaft 703 to change the axis-to-axis dis- 
tance between the chuck shafts (702L; 702R) and the 
abrasive-wheel rotating shaft 601). A spring 762 is 
stretched between the left arm 701 L and the arm 740, 
so that the carriage 701 is constantly urged downward 
to impart processing pressure onto the lens LE. Al- 
though the downward urging force. acts on the carriage 
701 . the downward movement of the carriage 701 is re- 
stricted such that the carriage 701 can only be lowered 
down to the position In which the block 720 abuts against : 
the guide block 760. A sensor 764 for detecting an end 
of processing is attached to the block 720, and the sen- 
sor 764 detects the end of processing (ground state) by 
detecting the position of a sensor plate 765 attached to 
the guide block 760. 

(C) Lens-Shape Measuring Section 

[0042] Referring to Figs. 13 to 16, a description will 
be given of the construction of the lens-shape measur- 
ing section 500. Fig. 1 3 is a top view of the lens-shape 
measuring section. Fig. 14 is a left side elevational view 
of Fig. 13, and Fig. 15 is a view illustrating essential por- 
tions of the right side surface shown in Fig. 13. Fig. 16 
is a cross-secttonal view taken along line F - F In Fig. 1 3. 
[0043] A supporting block 501 is provkjed uprightly on 
the base 1 0. A sliding base 51 0 is held on the supporting 
block 501 in such a manner as to be slidable in the left- 
and-right direction (in a direction parallel to the chuck 
shafts) by means of a pair of upper and lower guide rail 
portions 502a and 502b. A forwardly extending side 
plate 510a is formed integrally at a left end of the sliding 
base 510, and a shaft 511 having a parallel positional 
relation to the chuck shafts 702L and 702R is rotatably 
attached to the side plate 510a. A feeler arm 514 having 
a feeler 515 for measuring the lens rear surface is se- 
cured to a right end portion of the shaft 511 . while a feel- 
er arm 516 having a feeler 517 for measuring the lens 
front surface is secured to the shaft 511 at a position 
close to its center. Both the feeler 515 and the feeler 51 7 



have a hollow cylindrical shape, a distal end portion of 
each of the feelers is obliquely cut as sh wn in Fig. 13, 
and the obliquely cut tip comes int contact with the rear 
surface or front surface of the lens LE. Contact points 
5 of the feeler 515 and the feeler 51 7 are opposed to each 
other, and the Interval therebetween Is arranged to be 
constant. Incidentally, the axis U> connecting the con- 
tact point of the feeler 51 5 and the contact point of the 
feeler 517 is in a predetermined parallel positional rela- 
tion to the axis of the chuck shafts (702L, 702R) In the 
state measurement shown in Fig. 13. Further, thefeeler 
515 has a slightly k>nger holk>w cylindrical portion, and 
measurement is effected by causing its side surface to 
abut against an edge surface of the lens LE during the 
measurement of the outside diameter of the tens (whk:h 
will be described later). 

[0044] A small gear 520 is fixed to a proximal portion 
of the shaft 51 1 , and a large gear 521 which is rotatably 
provkied on the side plate 51 Oa is in mesh with the small 
gear 520. A spring 523 is stretched between the large 
gear 521 and a bwer portion of the stde plate 510a. so 
that the large gear 521 is constantly pulled in the direc- 
tion of rotating clockwise in Fig. 1 5 by the spring 523, 
Namely, the arms 514 and 51 6 are urged so as to rotate 
downward by means of the small gear 520. 
[0045] A sk)t 503 is formed in the skie plate 51 Oa, and 
a pin 527 which is eccentrically secured to the large gear 
521 is passed through the slot 503. A first moving plate 
526 for rotating the large gear 521 is attached to the pin 

527. An elongated hole 526a is formed substaritially in 
the center of the first nx>ving plate 528. and a fixed pin 
529 secured to the side plate 510a is engaged in the 
elongated hole 528a. 

[0046] Further, a motor 531 for arm rotation is at- 
tached to a rear plate 501a extending in the rear of the 
supporting btock 501 , and an eccentric pin 533 at a po- 
sitk)n eccentric from the rotating shaft Is attached to a 
rotating member 532 provided on a rotating shaft of the 
motor 531 . A second moving plate 535 for moving the 
first moving plate 528 in the back-and-forth direction (in 
the left-and-right direction in Fig. 14) is attached to the 
eccentric pin 533. An elongated hole 535a is fomied 
substantially In the center of the second moving plate 
535, and a fixed pin 537 which Is fixed to the rear plate 
501 is engaged in the elongated hole 535a. A roller 538 
is rotatably attached to an end portion of the second 
moving plate 535. 

[0047] When the eccentric pin 533 is rotated clock- 
wise from the state shown in Fig. 14 by the rotation of 
the motor 531 . the second moving plate 535 moves for- 
ward (rightward in Fig. 14) by being guided by the fixed 
pin 537 and the elongated hole 535a. Since the roller 
538 abuts against the end face of the first moving plate 

528, the roller 538 moves the first movig plate 528 in the 
forward direction as well owing to the movement of the 
second moving plat 535. As a result of this movement, 
the first moving plate 528 rotates the large gear 521 by 
means of the pin 527. The rotation of the large gear 521 . 
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in turn, causes the feeler arms 51 4 and 51 6 attached to 
the shaft 511 to retreat to an upright state. The driving 
by the motor 531 to this retreated position is determined 
as an unillustrated micro switch detects the rotated po- 
sition of the rotating nrtember 532. 
[0048] If the motor 531 is reversely rotated, the sec- 
ond moving piate 535 is pulled back, the targe gear 521 
is rotated by being pulled by the spring 523. and the feel- 
er arms 514 and 516 are inclined toward the front side. 
The rotation of the large gear 521 is limited as the pin 
527 comes into contact with an end surface of the slot 
503 formed in the side plate 510a, thereby determining 
the measurement positions of the feeler arms 514 and 
516. The rotation of the feeler arms 514 and 516 up to 
this measurement positions is detected as the position 
of a sensor plate 525 attached to the large gear 521 is 
detected by a sensor 524 attached to the side plate 
510a. as shown in Fig. 15. 

[0O49] Referring to Figs. 16 and 17, a description will 
be given of a left-and-right moving mechanisnri of the 
sliding base 510 (feeler arms 514, 515). Fig. 17 is a di- 
agram illustrating the state of left-and- right movement. 
[0050] An opening 510b is formed in the sliding base 
510. and a rack 540 is provided at a lower end of the 
opening 510b. The rack 540 meshes with a pinion 543 
of an encoder 542 fixed to the supporting block 501 . and 
the encoder 542 detects the direction of the left-and- 
right movement and the amount of movement of the slid- 
ing base 510. A chevron-shaped driving plate 551 and 
an inverse chevron -shaped driving plate 553 are at- 
tached to a wall surface of the supporting block 501 . 
which is exposed through the opening 51 Ob in the sliding 
base 510. In such a manner as to be rotatable about a 
shaft 552 and a shaft 554, respectively. A spring 555 
having urging forces in the directions in which the driving 
plate 551 and the driving plate 553 approach each other 
is stretched between the two driving plates 551 and 553. 
Further, a limiting pin 557 is embedded in the wall sur- 
face of the supporting block 501, and when an external 
force is not acting upon the sliding base 510. both an 
upper end face 551a of the driving plate 551 and an up- 
per end face 553a of the driving plate 553 are in a state 
of abutting against the limiting pin 557. and this limiting 
pin 557 serves as an origin of the left- and rightward 
movement. 

[0051] Meanwhile, a guide pin 560 is secured to an 
upper portion of the sliding base 510 at a position be- 
tween the upper end face 551a of the driving plate 551 
and the upper end face 553a of the driving plate 553. 
When a rightwardly moving force acts upon the sliding 
base 510, as shown in Fig. 17(a), the guide pin 560 
abuts against the upper end face 553a of the driving 
plate 553, causing the driving plate 553 to be tilted right- 
ward. At this time, since the driving plate 551 is fixed by 
the limiting pin 557, the sliding base 510 is urged in the 
direction of being return d to the origin of left- and right- 
ward movement (in the leftward direction) by the spring 
555. On th other hand, when a leftwardly moving force 



acts upon the sliding base 510. as shown in Fig. 17(b). 
th guide pin 560 abuts against the upper end face 55 1 a 
of the driving plate 551 , and the driving plate 55 1 is tilted 
leftward, but the driving plate 553 is fixed by the limiting 

s pin 557. Accordingly, the sliding base 510 this time is 
urged in the direction of being returned to the origin of 
left- and rightward movement (in the rightward direction) 
by the spring 555. From such movement of the sliding 
base 510, the arrwunt of movement of the feeler 515 in 

10 contact with the lens rear surface and the feeler 51 7 in 
contact with the lens front surface (the amount of axial 
movement of the chuck shafts) is detectedby a single 
encoder 542. 

[0052] It should be noted that, in Fig. 13, reference 
IS numeral 50 denotes a waterproof cover, and only the 
shaft 511. the feeler arms 514 and 516. and the feelers 
515 and 517 are exposed in the waterproof cover 50. 
Numeral 51 denotes a sealant for sealing the gap be- 
tween the waterproof cover 50 and the shaft 511. Al- 
^ though a coolant is jetted out frbrri an unillustrated noz- 
zle during processing, since the lens-shape measuring 
section .500 Is disposed in the rear of the processing 
chamber and by virtue of the above-described arrange- 
ment, it is possible to provide waterproofing for the elec- 
2S trical components and nrroving mechanism of the lens- 
shape measuring sectk>n 500 by merely providing 
shielding for the shaft 511 exposed in the waterproof 
cover 50, and the waterproofing structure is thus simi- 
piified. 

30 [0053] Next, referring to the control system block dia- 
gram showri in Fig. 18, a description will be given of the 
operation of the apparatus having the above-described 
construction. 

[0054] Prior to processing by the apparatus, the 

35 measurement of the. shape of the lens frame by the 
frame-shape measuring device 2 is effected. First, a de- 
scription will be given of the measurement of the frame 
F. Although the frame hoMing section 200 of the frame- 
shape measuring device 2 is capable of holding both 

40 frame portbns of the frame F and holding a single frame 
portion, a description will be given herein of the case 
where both frame portions are held. 
[0055] The front sikjer 202 is pulled toward the front 
side (the operator side) to wkien the distance between 

^ the front slider 202 and the rear slider 203. An upper 
portion of the frame F is placed between the clamp pins 
231 Ra and 231 Rb and between the clamp pins 231 La 
and 231 Lb. while a lower portion of the frame F is placed 
between the clamp pins 230Ra and 230Rb and between 

so the clamp pins 230La and 230Lb. Since centripetal forc- 
es for moving toward the reference line LI are constant- 
ly acting in the front slider 202 and the rear slider 203 
owing to the spring 213. the distance between the two 
sliders 202 and 203 is thereby narrowed, and the frame 

55 F is held with the reference line LI as the center. At this 
time, sine the holding surface of the frame holding sec- 
tion 200 is disposed in such a manner as to be inclined 
forward along the upper surface of the main body 1 . the 



9 



17 



EP 1 050 372 A1 



18 



setting of the frame F is facilitated. 
[0056] Upon completion of th setting of the frame F, . 
a both-eye tracing switch 41 2 of the switch panel section 
410 is pressed. Then, a control unit 150 on the frame- 
shape measuring device 2 drives the motor 223, and as 
the shaft 220 is rotated, the clamp pins at four locations 
are closed to fix the frame R Upon completion of the 
fixation of the frame F, the measuring section 240 is op- 
erated to measure the shape of the lens frame of the 
frame R In the case of both-eye tracing, the control unit 
150 moves the transversely movable base 241 in ad- 
vance by driving the motor 244 so that the feeler 280 is 
located at a predetermined position on the right frame 
portion of the frame R tn addition, by driving the motor 
254, the rotating base 250 is rotated in advance to effect 
initialization so that a tip of the feeler 280 laces the 
clamp pins 230Ra, 230Rb side. Subsequently, the ver- 
tically supporting base 265 is raised by driving the motor 
270 to allow the feeler 280 to be located at the height of 
the measurement reference plane (in this embodiment, 
the measurement reference plane is also tilted forward). 
The amount of movement at the time the feeler 280 is 
raised from a lowest-point position can be obtained from 
the detection by the encoder 272. and the control unit 
150 causes the feeler 280 to be located at the height of 
the measurement reference plane on the basis of the 
detection information of the encoder 272. 
[0057] Subsequently, the control unit 150 drives the 
motor 257 to move the movable base 260, and thereby 
allows the tip of the feeler 280 to be inserted in the frame 
groove of the frame R During this movement, since a 
DC motor is used as the motor 257, the driving current 
(driving torque) to the motor 257 can be controlled to 
provide a predetermined driving force. Therefore, it is 
possible to impart a weak pressing force of such a de- 
gree that the frame is not deformed and that the feeler 
280 is not dislocated. Subsequently, the pulse motor 

254 Is rotated in accordance with each predetermined 
unit number of rotational pulses to rotate the feeler unit 

255 together with the rotating base 250. As a result of 
this rotation, the movable base 260 together with the 
feeler 280 moves along the direction of the rail of the 
guide rail receiver 256a in accordance with the radius 
vector of the frame groove, and the amount of its move- 
ment Is detected by the encoder 258. Further, the verti- 
cally supporting base 265 together with the feeler 280 
moves vertically along the warp (curve) of the frame 
groove, and the amount of its movement is detected by 
the encoder 272. From the angle of rotation 6 of the 
pulse motor 254, the anx)unt r detected by the encoder 
258, and the amount z detected by the encoder 272, the 
lens frame shape is measured as (m. On, zn) (n = 1. 
2 N). 

[0058] During measurement while rotatirig the feeler 
unit 255, the control unit 150 controls the driving of the 
mot r 257 on the basis of the inclination of the meas- 
urement reference plane and information on the change 
of the radius vector detected. Namely, since the meas- 



urement referenc plane is inclined, the driving of the 
motor 257 is changed to cancel a load on th f elerunit 
255 at each angle of rotation f the feeler unit 255. there- 
by making constant the pressing force of the feeler 280 
s to the frame groove. As for the amount of change of the 
driving current at each angle of rotation, for example, 
data on such a driving current for the motor 257 that the 
position of the feeler 260 does not change is obtained 
in advance for each unit angle of rotation. Further, a ref- 
10 erence driving current for applying a predetermined 
pressing force to the frame groove by the feeler 280 Is 
determined in advance by using as a reference the an- 
gle at which the feeler unit 255 moves horizontally (the 
angle at which the load of the feeler unit 255 is 
IS canceled) . Then, from the relationship between the two. 
it is possible to obtain data on the change of the driving 
current at each rotational angle which takes the inclina- 
tion into consideration. For instance, the driving current 
is changed with the. ratio of the driving current data at 
^ each angle to the reference driving current 

[0059] Further, the control unit 150 changes the driv- 
ing current for the motor 257 In correspondence with the 
change of the radius vector of the frame groove so that 
the feeler 280 will not be dislocated during measure- 
2S ment and/or the deformation of the frame will be sup- 
pressed. First, the control unit 150 estimates a change, 
of the radius vector of an unmeasured portion from the 
already-measured radius vector data (m. On) (n = 1, 
2. ...). For example, an inclination of the change of the 
30 . radius vector at a present measurerhent point Is deter- 
. mined from the already-measured radius vector data 
measured at each predetermined angle a of radius vec- 
tor (e.g., 3 to 5 degrees). This can be obtained by sub- 
jecting data between positions at the angle a of radius 
35 vector to differentiation processing or averaging 
processing. The change of the radius vector of the uri- 
measured portion is estimated by assuming that the 
measurement point aX an ensuing angle a of radius vec- 
tor of the unmeasured portion is kxated on an extension 
40 of the Inclinatbn of the change of the radius vector th us 
determined. Then, if it is estimated that the radius vector 
changes in the direction in which the length of the radius 
vector of the unmeasured portion becomes longer, the 
driving torque of the motor 257 is increased relative to 
^ the driving torque persisting at the immediately preced- 
ing angle a of radius vector. The amount of change of 
the driving torque (driving current) may be obtained In 
correspondence with the degree of inclination of the 
change of radius vector, or may be obtained so as to 
so increase the driving torque by a predetermined anrK3unt 
each time the inclination of the change of radius vector 
exceeds a certain range. Consequently, the moving 
speed of the feeler 280 is accelerated in the direction in 
which the length of the radius vector becomes longer. 
55 thereby making it possible to prevent the dislocation of 
the feeler 280 from the frame groove during measure- 
ment. 

[0060] On the other hand, if it is estimated that the 
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radius vector changes in the direction in which the length 
of th radius vector of the unmeasured portion beconnes 
shorter, th driving torque of th motor 257 is weakened 
relative to the driving torque persisting at the innmedi- 
ately preceding angle a of radius vector. The amiount of 
change of the driving torque may be also determined in 
correspondence with the degree of inclination of the 
change of radius vector, or may be determined so as to 
weaken the driving torque by a predetermined amount 
each time the inclination of the change of radius vector 
exceeds a certain range. Consequently, it is possible to 
suppress the increase in the pressing force of the feeler 
260 applied to the frame groove, thereby making it pos- 
sible to prevent the deformation of the frame. It should 
be noted that since the radius vector of the frame grad- 
ually changes, if the driving torque of the motor 257 is 
gradually weakened, and if the driving torque ultimately 
becomes zero, it is possible to avoid an excess pressing 
force with respect to the change in the direction in which 
the length of the radius vector becomes shorter. Further, 
if it is estimated that the change takes place in the di- 
rectkxi in which the length of the radius vector abruptly 
becomes short, the load of the pressing force with re- 
spect to the frame groove may be reduced by reversely 
rotating the motor 257. 

[0061] In addition, the control of the drive of the motor 
257 in the course of measurement may be effected as 
follows. For instance, in the estinnation of the change of 
the radius vector of the unmeasured portion by the con- 
trol unit 150, after the inclination of the change of the 
radius vector of the measurement point is obtained as 
being the normal direction from the already-measured 
. data, estimation is made by assuming that an ensuing 
measurement point is located on an extensk^n of this 
normal direction. The measured data may not be data 
on all the angles, but may be data on a certain immedi- 
ately preceding angular portion. 
[0062] Further, since an Inflection point at which the 
length of the radius vector shifts from one of an increase 
and a decrease to the other can be obtained from the 
radius vector data which are consecutively obtained (it 
is more preferable to see data of a certain range), control 
may be provided such that upon detection of the shift of 
the length of the radius vector to an Increase, the driving 
torque of the nrtotor 257 is increased, whereas upon de- 
tectksn of the shift of the length of the radius vector to a 
decrease, the driving torque of the motor 257 is weak- 
ened. When the length of the radius vector shifts to a 
decrease, a pressing force from the feeler 280 strongly 
acts upon the frame groove, weakening the driving 
torque in the above-described manner will suppress the 
deformation of the frame as well as the offset of the 
frame held in the frame holding section 200. 
[0063] In addition, in terms of the structure of the 
frame, deformation is most likely to take place in the 
range from the lower side of the frame (i.e., the lower 
side of the frame in the worn state) to a bridge connect- 
ing both frame portions. This range is the portion where 



the feeler 280 is liable to be dislocated (generally the 
radius vector changes gradually). Accordingly, control 
may be provided such that the driving torque of the mo- 
tor for the angular portion of this range is made suffi- 
ciently weaker than other measurement portk>ns (the 
angular portion of this range nr>ay be set in advance or 
may be estimated from the data being measured). In this 
way, control of the driving of the motor 257 in the course 
of measurement can be effected by various methods. 
[0064] In addition to the control of the driving of the 
motor 257, the control unit 150 also controls the driving 
of the motor.270 for vertically moving the feeler 2B0 on 
the basis of the information on the change of the warp 
(vertcal displacement) of the frame groove detected. In 
the same way as the method of control corresponding 
to the change of the radius vector information, the con- 
trol unit 150 determines the inclination of the vertical 
change at the present measurement point from the al- 
ready-measured vertical movement data (en, zn) (n = 1 , 
2, ...), and estimates a change of the unmeasured por- 
tion by assuming that an ensuing measurement point is 
also kx:ated on the extension of the inclination of the 
vertical change. The driving current of the motor 270 is 
changed in correspondence with that change. When it 
is estimated that the frame groove changes in the up- 
ward direction, the feeler 260 is raised so as to follow 
that degree of change. When it is estimated that the 
frame groove changes in the downward direction, the 
feeler 280 is lowered so as to follow that degree of 
change. The feeler 280 may be moved by a predeter- 
mined amount when the vertical change is estimated to 
exceed a certain value. 

[0065] By virtue of the above-described control of the 
driving of the motors 257 and 270, it is possible to pre- 
vent the dislocation of the feeler 280 from the frame 
groove during measurement, and suppress the defor- 
mation of the frame. Upon completion of the measure- 
ment of the right frame portk>n of the frame F, measure- 
ment is performed for the left frame portk)n in a similar 
manner. 

[0066] A description will be given of the case where 
the shape of the template or the dummy lens is meas- 
ured. The template or the dummy lens is mounted on 
the template holding portion 320 or the cup holding por- 
tion 330 of the template holder 310 in the above-de- 
scribed procedure. In the case of the dummy lens as 
well, it can be simply mounted on the template holder 
31 0 by a simple operation of the button 314 without pre* 
paring a special fixing part. 

[0067] After completion of the mounting on the tem- 
plate holder 310. the front slider 202 is pulled all the way 
toward the front side (the operator skie) to fix the tem- 
plate holder 310 on the upper surface of the attaching 
plate 300. Since the flange 344 (348) of the template 
holder 310 is engaged with the recessed surface 202a 
of the front slider 202, the open state of the front slider 
202 and the rear slider 203 is secured. The open state 
of the front slider 202 is detected by the sensor 235, and 
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it is detected that the mode is th template measure- 
ment mode. 

[0068] After the setting of the template holder 310. If 
the template (or dummy lens) to be measured is for the 
right eye, a right trace switch 41 3 on the switch panel 
section 410 is pressed, whereas if the template (or dum- 
my lens) is for the left eye, a left trace switch 411 is 
pressed. Incidentally, in the case of measurement using 
the template holder 310, the top of the measuring shaft 
290 is pressed beforehand to keep the measuring shaft 
290 raised. 

[0069] The control unit 150 drives the motor 244 to 
cause the measuring section 240 to be located at the 
central measuring position. Subsequently, the control 
unit 1 50 moves the movable base 260 by driving the mo- 
tor 257 such that the measuring shaft 290 moves toward 
the central side, in the state in which the measuring shaft 
290 abuts against the end face (edge) of the template 
(or dummy tens), the pulse motor 254 is rotated at each 
predetermined unit number of rotational pulses, and the 
feeler unit 255 is rotated. The measuring shaft 290 
moves in accordance with the radius vector of the tem- 
plate, and the amount of its movement is detected by 
the encoder 256. so that the target shape of the lens is 
measured. 

[0070] Upon obtaining the target lens shape by the 
frame shape measurement or the template shape 
measurement, the operator presses a data switch 421 
on the switch panel section 420. whereby the target lens 
shape data is transferred to a data memory 161, and the 
target lens shape is graphically displayed on a display 
415. By operating switches for data input arranged on 
the switch panel section 420. the operator enters layout 
data such as the PD value of the wearer and positional 
data on the optical center height. Further, the operator 
enters data on the processing conditions such as the 
material of the frame, lens material, and the like. 
[0071] Upon completion of the entry of the data, the 
operator mounts the basal part of a cup (i.e., a fixing jig 
fixed to the lens LE) on the cup holder of the chuck shaft 
702L. and then presses a chuck switch 422 on the 
switch panel section 42d to drive the motor 710. which 
In tum nrK>ves the chuck shaft 702R to chuck the lens 
LE. Even in cases where the lens LE needs to be held 
so as not to come off the chuck shaft 702L at the time 
of this chucking, since the chuck switch 422 is disposed 
in the vicinity of the center in the left-and-right direction 
on the front side of the processing window 402 (in the 
vicinity of the position for chucking the lens LE), the op- 
erator, while holding the lens LE with his or her easy-to- 
hold hand, can easily operate the chuck switch 422 with 
the other hand. 

[0072] After completk)n of lens chucking, the operator 
presses a start switch 423 to start the apparatus. A main 
control unit 160 first executes the lens shape measure- 
ment by using the lens-shape measuring section 500 in 
accordance with a processing sequence program. The 
main contr I unit 160 drives the motor 531 to rotate the. 



shaft 511, causing the f eler arms 514 and 516 t be 
positioned to th measuring position from the retreated 
position. On the basis f the processing shape data cal- 
culated from the inputted target lens shape data and lay- 
s out data, the main control unit 160 vertically moves the 
carriage 701 so as to change the distance between the 
axis of the chuck shafts and the axis Lb connecting the 
feeler 515 and the feeler 517. and causes the chucked 
lens LE to be located between the feeler 515 and the 
10 feeler 517, as shown in Fig. 13. Subsequently, the car- 
riage 701 Is moved by a predetermined amount toward 
the feeler 517 side by driving the motor 745 so as to 
cause the feeler 517 to abut against the front-side re- 
fracting surface of the lens LE. The initial measuring po- 
is sition of the lens LE on the feeler 517 side is at a sub- 
stantially intermediate position in the leftward moving 
range of the sliding base 510, and a force is constantly 
applied to the feeler 51 7 by the spring 555 such that the 
feeler 51 7 abuts against the front-side refracting surface 
of the lens LE. 

[0073] In the state in which the feeler 517 abuts 
against the front-side refracting surface, the lens LE is 
rotated by the motor 722, and the carriage 701 is verti- 
cally moved by driving the nrrator 751 on the basis of the 
processing shape data (the distance between the axis 
of the chuck shafts 702L and 702R and the axis Lb is 
changed) . In conjunctk>n with such rotation and move- 
ment of the lens LE. the feeler 517 moves in the left- 
and-right direction atong the shape of the lens front sur- 
face. The amount of this movement is detected by the 
encoder 542, and the shape of the front-side refracting 
surface of the lens LE (the path of the front-skJe edge 
position) is measured. 

[0074] Upon completksri of the front side of the lens, 
the main control unit 160 rightwardly moves the carriage 
701 as it is, and causes the feeler 515 to abut against 
the rear-side refracting surface ol the lens IE to change 
over the measuring surface. The initial measuring posi- 
tion of rear-side measurement is similarly at a substan- 
tially intermediate position in the rightward moving 
range of the sliding base 510. and a force Is constantly 
applied to the feeler 515 such that the feeler 515 abuts 
against the rear-side refracting surface of the lens LE. 
Subsequently, while causing the lens LE to undergo one 
revolutk>n. the shape of the rear-skle refracting surface 
(the path of the rear-skle edge positbn) is measured 
from the amount of movement of the feeler 515 in the 
same way as in the measurement of the front-side re- 
fracting suriace. When the shape of the front-side re- 
fracting surface and the shape of the rear-side refracting 
surface of the lens can be obtained, edge thickness in- 
formation can be obtained from the two items of the in- 
formation. After completion of the lens shape measure- 
ment, the main control unit 160 drives the motor 531 to 
retreat the feeler arms 51 4 and 516. 
[0075] The lens-shape measuring section 500 of this 
apparatus has the function of measuring the outside di- 
ameter of the lens, and when this measurement is ef- 
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fected. the following procedure is taken. The main con- 
trol unit 160 drives the nnotor 745 to move the carriage 
701 until the edge surface of the lens LE reaches a side 
surface portion of the feeler 517. Subsequently, on the 
basis of the processing shape data (diameter data), the s 
lens LE is rotated and the motor 751 Is driven to verti- 
cally move the carriage 701 , to thereby change the dis- 
tance between the axis of the chuck shafts 702L and 
702 R and the axis Lb. During such vertical movement 
of the carriage 701, in a case where the lens outside io 
diameter satisfies the target tens shape, the side surface 
of the feeler 515 abuts against the edge surface of the 
lens LE. and the feeler arm 514 is lifted up. so that the 
sensor 524 detects the same. In a case where the lens 
outside diameter is insufficient with respect to the target 
lens shape, the side surface of the feeler 515 does not 
abut against the edge surface of the lens LE. Hence, the 
feeler arm 514 remains positioned at the lowest point, 
and the sensor 524 detects the sensor plate 525. there- 
by detecting the insufficiency of the lens diameter. By ^ 
rotating the lens LE by one revolution in this manner, it 
is possible to detect the insuff toiency of the lens diame- 
ter over the entire periphery of the lens LE. 
[0076] When informatbn on the insufficiency of the 
lens outside diameter with respect to the target lens 
shape has been obtained, the insufficient portion is 
made to flash in the graphic display of the target lens 
shape being displayed on the display 415, thereby mak- 
ing it possible to notify the operator of the insufficient 
portk)n. 30 
[0077] It should be noted that the measurement of the 
lens outside diameter over the entire periphery nnay be 
effected as part of the processing sequence program, 
but only the measurement of the lens outside diameter 
may be effected singly by pressing the switch 425. 
[0078] Upon completion of the measurement of the 
lens shape, the processing of the tens LE is executed 
in accordance with the input data of the processing con- 
ditnns. For example, in a case where the lens LE Is a 
plastic, the main control unit 1 60 moves the carriage 701 40 
by means of the motor 745 so that the lens LE is brought 
over the rough abrasive wheel 602b, and vertically 
moves the carriage 701 on the basis of the processing 
shape data to perform processing. In the case of per- 
forming beveling, the main control unit 160 controls the 4S 
movement of the carriage 701 on the basis of the bev- 
eling data obtained from the lens shape data, and allows 
beveling finish processing to be effected by the finish 
abrasive wheel 602c. The beveling data is calculated by 
the nnain control unit 1 60 on the basis of the lens shape so 
data and the target lens shape data. 
[0079] According to the invention, it is possible to pro- 
vide an eyeglass-lens processing apparatus in which 
the arrangement for measuring the lens shape is sim- 
plified, and which uses a greater number of mechanism ss 
portions which are used in common, so as to be advan- 
tageous in cost. 



Claims 

1. An eyeglass-lens processing apparatus for 
processing a subject tens to be fitted to an eyeglass 
frame, the apparatus comprising: 

a lens chuck shaft for clamping the lens; 
rotating means for rotating the lens chuck shaft; 
first moving means for moving the lens chuck 
shaft in a direction of a rotatkxial axis thereof; 
second moving means for moving the lens 
chuck shaft in a directk>n substantially perpen- 
dicular to the rotational axis; 
a first feeler having a first contact point to be 
contacted with a front side refracting surface of 
the lens; 

a second feeler having a second contact point 
to be contacted with a rear skie refracting sur- 
face of the tens; 

a support member for supporting the first and 
second feelers integrally or separately; and 
control means for controlling each of the rotat- 
ing means, the first moving means and the sec- 
ond moving means based on processing shape 
data so as to consecutively perform rotation 
and nrYovement of the lens in a state where the 
first contact point is contacted therewith, and 
rotation and movement of the lens in a state 
where the second contact point is contacted 
therewith. 

2. The apparatus according to claim 1. wherein the 
support member supports the first and second feel- 
ers such that the first and second contact points are 
confronted with each other with a predetermined 
distance. 

3. The apparatus according to claim 1. wherein the 
support member supports the first and second feel- 
ers such that a line connecting the first and second 
contact points is substantially in parallel to the rota- 
tional axis. 

4. The apparatus according to claim 1 . wherein the 
support member includes a first arm supporting the 
first feeler, a second arm supporting the second 
feeler, and a support shaft supporting the first and 
second arms integrally. 

5. The apparatus according to claim 1, further com- 
prising: 

first movement detecting means for detecting 
an annount of movement of the support member 
in the direction of the rotational axis; and 
edge posit! n detecting means for obtaining 
front side edge position path of the lens based 
on result of detection by the first movement de- 
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tecting means in the state where the first con- 
tact point is contacted with the lens, and rear 
side edge position path of th lens based on 
result of detection by the first movement 
amount detecting means in the state where the 
second contact point is contacted with the lens. 

The apparatus according to claim 1, further com- 
prising: . 

third moving means for moving the support 
member in the direction substantially perpendicular 
to the rotational axis so as to change a distance be- 
tween a line connecting the first and second contact 
points and the rotational axis. 

The apparatus according to claim 1, wherein at 
least one of the first and second feelers has a third 
contact point to be contacted with ah edge surface 
of the lens, and control means controls each of the 
' rotating means, the first moving means and the sec- 
ond moving means based on the processing shape 
data so as to rotate and nrK>ve the lens in a state 
where the third contact point is contacted with the 
lens. 

The apparatus according to claim 7, further com- 
prising: 
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11. The apparatus according to claim 1, further com- 
prising: 

first input means for inputting data on shape of 
the eyeglass frame; 

second input means for inputting data on layout 
of the lens with respect to the eyeglass frame; 
calculating means for obtaining the processing 
shape data based on inputted data on the 
shape of the eyeglass frame and the layout of 
the lens. 



second movement detecting means for detect- 
ing movement of the support member in the di- 
rection perpendicular to the rotational axis; and 
outeir diameter detecting means for detecting a 
lens outer diameter based on a result of detec- 
tion by the second movement amount detecting 
means in the state where the third contact point 
is contacted with the lens. 
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9. The apparatus according to claim 1 , wherein each 
of the first and second feelers is in the form a circular 
column having a central axis substantially parallel 
to the rotational axis and defining an inclined sur- 
face inclined at a predetermined angle with respect 
to the central axis, and the first and second contact 
points are respectively located on peripheries of the 
inclined surfaces. 
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10. The apparatus according to claim 1. further conr>- 
prising: 



an abrasive wheel rotatable alx>ut an axis that 
is substantially parallel to the rotational axis, 
wherein the control means controls the second 
moving means based on the processing shape 
data to vary an axis-to-axis distance between 
the rotational axis and the axis about which the 
abrasive wheel is rotatable. thereby processing 
the lens. 
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FIG. 13 
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FIG. 17(a) 
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